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ZHOOVVSDFHGNPDSDUWIURPHDFKRWKHUZHUHSODFHGLQVLGHWKHWDUJHWUHVHUYRLUDUHD)LJ7KHJULG
VL]HLQFUHDVHGJUDGXDOO\IURPWKHFHQWUDODUHDPîPWRWKHHGJHRIWKHUHVHUYRLUNPîNP
3HUPHDELOLW\LQ[\DQG]GLUHFWLRQVZHUHDQGPUHVSHFWLYHO\
5HODWLYH SHUPHDELOLW\ ZDV UHSUHVHQWHG E\ WKH %URRNV&RUH\ PRGHO IRU JDV ZLWK FRQVWDQWV 6OU 
6JU ɉ DQGE\WKHYDQ*HQXFKWHQPRGHO IRUOLTXLGZLWKFRQVWDQWV6OV P +\VWHUHVLVRI
UHODWLYHSHUPHDELOLW\ZDVUHSUHVHQWHGE\&DUOVRQPRGHO0D[LPXPUHVLGXDOJDVVDWXUDWLRQ6JUPD[ZDV
%URRNV&RUH\PRGHOZDVDOVRXVHGWRFDOFXODWHFDSLOODU\SUHVVXUH+\VWHUHVLVRIFDSLOODU\SUHVVXUHLVQRW
FRQVLGHUHGLQWKLVUHVHDUFK
8QOHVV WKH SUHVVXUH UHDFKHG LWV PD[LPXP OLPLW  03D D WRWDO RI  0LOOLRQ WRQV RI &2 ZDV
LQMHFWHGRYHU\HDUV)LUVWEDVHFDVH:DQG:ZKLFKDUHFDVHVRI&2LQMHFWLRQXVLQJWZRDQGIRXU
ZHOOVVLPXOWDQHRXVO\ZHUHFDOFXODWHG7DEOH





 Kei Tanaka et al. /  Energy Procedia  37 ( 2013 )  4591 – 4597 4593












)LJ6WUXFWXUHRIJULGIRURYHUDOODTXLIHUPRGHOOHIWDQGWDUJHWDUHDDQGZHOOSODFHPHQWULJKW

7DEOH7LPHGHSHQGHQWLQMHFWLRQUDWHLQEDVHFDVHDQGURWDWLQJLQMHFWLRQFDVH




x 5RWDWLQJLQMHFWLRQ
:KHQ UHVHUYRLU SUHVVXUH LV OLPLWHG WR DYRLG GDPDJH WR SRUH VWUXFWXUH PDLQWDLQLQJ KLJK LQMHFWLYLW\
EHFRPHVDSUREOHP&DVH55DQG5DUHFDVHVRIWKHURWDWLQJLQMHFWLRQZKLFKPHDQVDGLDJRQDOSDLU
RIZHOOVZDVXVHG WR LQMHFW&2DOWHUQDWHO\7KHSXUSRVHZDV WRPLWLJDWHSUHVVXUHEXLOGXS ,QFDVH5
ZHOODQGZHUHXVHGILUVWIRU\HDUVDQGWKHQZHOODQGZHUHXVHGIRUDQRWKHU\HDUV,QFDVH5
DQG5&2ZDVLQMHFWHGIRU\HDUVîWLPHVDQG\HDUVîWLPHVUHVSHFWLYHO\7DEOH
\UV \UV \UV \UV
















 (  (  (  ( 
  (  (  (  (
 (  (  (  ( 
  (  (  (  (
5
:
:
(

(

(
5
(  ( 
 (  (
(  ( 
 (  (
&DVH :HOO
,QMHFWLRQ5DWH>W\UV@
5
( 
 (
( 
 (
4594   Kei Tanaka et al. /  Energy Procedia  37 ( 2013 )  4591 – 4597 
x :DWHU3URGXFWLRQ
0DQDJLQJEULQHSURGXFWLRQFDQDOVRPLWLJDWHSUHVVXUHEXLOGXSDQGHQKDQFH WKH WUDSRI&2 WKURXJK
K\VWHUHVLV RI UHODWLYHSHUPHDELOLWLHV+RZHYHU WKHSURGXFWLRQ UDWH RI EULQH VKRXOGQRW EHKLJKEHFDXVH
WUHDWPHQWRISURGXFHGEULQHEHFRPHVDQDGGLWLRQDOSUREOHP7RHQKDQFHWKHWUDSRI&2DQGUHGXFHWKH
SURGXFWLRQUDWHRIEULQHLWLVSUHIHUDEOHWRKDYHPRUHZHOOVRSHUDWLQJDVLQMHFWRUVWKDQZHOOVRSHUDWLQJDV
SURGXFHUV+HQFH ZHOO ZKLFK GLG QRW LQMHFW &2ZDV XVHG DV SURGXFWLRQZHOO RQO\ ZKHQ%RWWRPKROH
SUHVVXUH%+3H[FHHGHGWKHPD[LPXPSUHVVXUHFDVH3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ZHUH
XVHGIRU&2LQMHFWLRQZKLOHWKHRWKHUSDLURIGLDJRQDOWZRZHOOVZHOODQGZHOOZHUHXVHGWRSURGXFHG
IRUPDWLRQZDWHUEULQHZKLFKZDVUHLQMHFWHGLQWRWKHUHVHUYRLU WKURXJKZHOODQGZHOORIWRSOD\HU
&2LQMHFWLRQSHULRGZDVGHFLGHGGHSHQGLQJRQUHVXOWVRIURWDWLQJLQMHFWLRQFDVHV
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6PDOOHVWYDOXHRIοݐ୫ LVFKRVHQDVQH[WWLPHVWHS

$IWHU Q WK WLPH VWHS LWHUDWLRQ WKH PD[LPXP YDOXH RIP WK SULPDU\ YDULDEOH DW Q WK WLPH VWHS
VKRXOGVDWLVI\WKHIROORZLQJFRQGLWLRQ

ZKHUH&PLVDFRQVWDQWRIPWKSULPDU\YDULDEOH!
,I(TLVQRWVDWLVILHGQWKWLPHVWHSLVUHFDOFXODWHGXVLQJ(T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GHFLGHGE\(T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$IWHULPSOHPHQWDWLRQRIRXUFDOFXODWLRQSURFHGXUHVKRZQDERYHWKHQXPEHURIWLPHVWHSVGHFUHDVHG
DQGWKHHODSVHGWLPHRIFDOFXODWLRQEHFDPHDERXWKDOIRIWKDWZLWKWKHRULJLQDOVRXUFHFRGHRI728*+

5HVXOWDQGGLVFXVVLRQ
5RWDWLQJLQMHFWLRQ
&KDQJHV LQ WKH DPRXQWV RIPRELOH UHVLGXDO DQG GLVVROYHG&2 RYHU WLPH LQFOXGLQJ UHVXOWV RI EDVH
FDVHVDUHVKRZQ LQ)LJ D EDQGF7KHYDOXHVRI%+3LQURWDWLRQ LQMHFWLRQFDVHVZKLFKXVH OHVV
QXPEHURIZHOOVWKDQEDVHFDVHVUHDFKHGWKHPD[LPXPOLPLWRISUHVVXUH03D7KHUHIRUHWKHLQMHFWLRQ
UDWHWXUQHGUHODWLYHO\VORZFRPSDUHGWRWKHLQLWLDOYDOXHRIPLOOLRQWRQ\HDU+RZHYHU LQWKHFDVHVRI
URWDWLQJLQMHFWLRQKLJKHUDPRXQWVRIWUDSSHGUHVLGXDODQGGLVVROYHG&2ZHUHREWDLQHG7KLVLVEHFDXVH
WKHSUHVVXUHLQFUHPHQWSURPRWHG&2IORZDQG&2GLVVROXWLRQ$VWKHQXPEHURIURWDWLRQLQFUHDVHGLQ
DFFRUGDQFH WR WKH UHODWLYH SHUPHDELOLW\ K\VWHUHVLV PRGHO XVHG LQ WKLV VWXG\ WUDSSHG DPRXQW RI &2
HVSHFLDOO\UHVLGXDOWUDSSHG&2GHFUHDVHGEHFDXVHLWEHFDPHPRELOH&2DJDLQRZLQJWRVHFRQGRUWKLUG
&2LQMHFWLRQF\FOH
:DWHUSURGXFWLRQ
%DVHGRQ UHVXOW RI FDVH5&2 LQMHFWLRQZLWKEULQH LQMHFWLRQ DQGSURGXFWLRQ LQFUHDVHV WKH WUDSSHG
DPRXQWRI&2&DVH3LVWKHFDVHRIRQO\EULQHSURGXFWLRQZKHUHEULQHZDVSURGXFHGWKRXJKZHOODQG
ZKHQ%+3H[FHHGHGPD[LPXPSUHVVXUHFDXVHGE\&2LQMHFWLRQWKURXJKZHOOVDQG,QDGGLWLRQWR
WKLVFDVHSURGXFHGZDWHUZDVLQMHFWHGLQWRWKHUHVHUYRLUDJDLQWKURXJKZHOOVDQGIRUDQG\HDUV
)LJ  G H DQG I VKRZ UHVXOWV RI WLPHGHSHQGHQW FKDQJHRIPRELOH UHVLGXDO DQGGLVVROYHG&2
DPRXQWLQFOXGLQJFDVH55HVLGXDODQGGLVVROYHGDPRXQWVRI&2LQFUHDVHGZLWKEULQHLQMHFWLRQ
7RFRPSDUHUHVXOWVRIVLPXODWLRQVWKHIROORZLQJWUDSSHGUDWLRLQGLFDWRUZDVLQWURGXFHG

7RLPSURYHWKHVDIHW\RI&2JHRORJLFDOSURMHFWVKLJKYDOXHRIWUDSSHGUDWLRLVSUHIHUDEOHRYHUKLJK
YDOXHVRIWRWDO&2LQMHFWHG$PRXQWVRIGLVVROYHGUHVLGXDODQGPRELOH&2DVZHOODV7UDSSHG5DWLRV
DIWHU\HDUVIURPLQMHFWLRQDUHVKRZQLQ)LJ&DVHVZLWKKLJKLQMHFWLRQUDWHVEDVLFDOO\UHDFKHGKLJK
WUDSSHG UDWLRYDOXHV:KLOH7UDSSHG5DWLRRIFDVH:ZDVDERXWDOORI URWDWLQJ LQMHFWLRQFDVHV
ZDV PRUH WKDQ  +RZHYHU DV WKH QXPEHU RI URWDWLQJ LQMHFWLRQV LQFUHDVHG LQMHFWHG &2 DPRXQWV
JUDGXDOO\ LQFUHDVHG EXW WUDSSHG UDWLR RI &2 GLG QRW QHFHVVDULO\ LQFUHDVH %ULQH SURGXFWLRQ REYLRXVO\
ILOOHGLQWKHJDSEHWZHHQSODQQHGDQGDFWXDOLQMHFWLRQUDWHV$GGLWLRQDOO\KLJKHVWYDOXHRI7UDSSHG5DWLR
ZDVDWWDLQHGLQEULQHLQMHFWLRQFDVH3$VDUHVXOWLWLVFRQILUPHGWKDWGHVLJQRI&2LQMHFWLRQDQG
ZDWHULQMHFWLRQSURGXFWLRQKDVDFDSDFLW\WRLPSURYHVWRUDJHVDIHW\NHHSLQJDWRWDOLQMHFWLRQDPRXQWKLJK
DQGFRVWRISURMHFWORZ





 ሾΨሿ ൌ
 ଶ
 ଶ
ൈ ͳͲͲ
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)LJ7LPHGHSHQGHQWFKDQJHRID0RELOH&2E5HVLGXDO&2DQGF'LVVROYHG&2RI::EDVHFDVH
55DQG5URWDWLQJLQMHFWLRQDQG+LVWRULHVRIG0RELOH&2E5HVLGXDO&2DQGF'LVVROYHG&2LQFDVH
5URWDWLQJLQMHFWLRQ3EULQHSURGXFWLRQDQG3EULQHSURGXFWLRQDQGSURGXFWLRQ




D E
F G
H I
 Kei Tanaka et al. /  Energy Procedia  37 ( 2013 )  4591 – 4597 4597


)LJ$PRXQWRI&2DIWHU\HDUVSDVVHGIURPLQMHFWLRQDQG7UDSSHG5DWLR

&RQFOXVLRQ
7RJHWLQVLJKWLQWRWKHHIIHFWLYHQHVVRIWKHURWDWLQJLQMHFWLRQRI&2DQGSURGXFWLRQDQGUHLQMHFWLRQRI
WKH IRUPDWLRQ ZDWHU VLPSOH VLPXODWLRQV ZHUH FDUULHG RXW XVLQJ 728*+ QXPHULFDO VLPXODWRU
LPSOHPHQWHGZLWKDGGLWLRQDOVRXUFHFRGHWRDFFRXQWIRUUHODWLYHSHUPHDELOLW\K\VWHUHVLV
5HVXOWV UHYHDOHG WKDW WKH URWDWLQJ LQMHFWLRQ LQFUHDVH WKH WUDSSHG UDWLR RI &2 )UHTXHQW LQMHFWLRQ
LQFUHDVHVWKHWRWDODPRXQWRI&2LQMHFWHGEXWLWGRHVQRWQHFHVVDULO\LQFUHDVHWKHWUDSSHGDPRXQWRI&2
,QWKHFDVHVRIEULQHSURGXFWLRQDQGLQMHFWLRQPRUH&2ZDVLQMHFWHGDQGWUDSSHGWKDQZLWKURWDWLQJ
LQMHFWLRQ7UDSSHG UDWLRZDV LPSURYHGE\ DERXW  IURPEDVH FDVH: WR3+HQFH GHVLJQRI&2
LQMHFWLRQDQGZDWHULQMHFWLRQSURGXFWLRQLVFRQILUPHGLVDQHIIHFWLYHPHWKRGWRLPSURYHVDIHW\DQGFRVWRI
&2JHRORJLFDO VWRUDJH DQG LW VKRXOGEH WDNHQ LQWRDFFRXQWZKHQRSWLPL]DWLRQ&2JHRORJLFDO VWRUDJH
SURMHFWV
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